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Abstract

Objectives—To examine the effects of a workplace flexibility/support intervention on 

employees’ sleep quantity and quality during nights and days and whether the effects differ by 

employee age.

Design—Cluster-randomized controlled trial.

Setting—Information technology industry workplaces.
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Participants—US employees (Mage = 46.9 years) at an information technology firm who 

provided actigraphy at baseline and a 12-month follow-up (N = 396; n = 195 intervention, n = 201 

control).

Intervention—The Work, Family, and Health Study intervention aimed to increase workplace 

flexibility and support. The intervention consisted of facilitated discussions to help employees 

increase control over when and where they work as well as manager-specific training sessions to 

increase manager support for employees’ work-family issues.

Measurements—Nighttime sleep duration, wake after sleep onset (WASO), and nap duration 

were measured with wrist actigraphy. Day-to-day variability in these variables (min2) was also 

estimated.

Results—Intervention employees increased nighttime sleep duration at 12 months, by 9 minutes 

per day, relative to control employees. There were interaction effects between the intervention and 

age on daytime nap duration and day-to-day variability in WASO. Older employees (56–70 years) 

in the intervention condition decreased nap duration at 12 months relative to older employees in 

the control condition. Older employees in the intervention condition also exhibited a greater 

decrease in day-to-day variability of WASO at 12 months compared with their baseline.

Conclusions—The workplace flexibility/support intervention was effective in enhancing 

employees’ sleep health by increasing nighttime sleep duration. Furthermore, the intervention was 

particularly effective for older employees in decreasing their daytime nap duration and day-to-day 

variability in WASO.

Keywords

Nighttime sleep duration; Wake after sleep onset; Nap duration; Workplace intervention; Day-to-
day variability in sleep

Sleep deficiency is an increasing concern in the US workforce. In 2012, approximately 30% 

of US workers reported that they sleep less than 6 hours per night.1 Recent research shows 

that men and women who have a short sleep duration, especially less than 6 hours, are at 

increased risk for disease compared with those who get 7 to 9 hours of sleep.2 However, 

getting sufficient hours for sleep is challenging in our technology-driven society where 

employees may be available 24/7. Indeed, technological advances and other societal changes 

have increased work hours,3 which has decreased workers’ sleep time.4 Sleep deficiency, 

such as short nighttime sleep duration and disruptions of sleep quality, leads to excessive 

daytime sleepiness for many workers, which in turn increase risks for workplace injuries and 

reduced productivity.5

This study examined the effects of a workplace intervention with predominantly dayshift 

workers on changes in sleep quantity and quality during nights and days. There is little 

research examining the effects of a workplace intervention on employee sleep, except for a 

few studies reporting on an intervention that promoted retail employees’ work-time 

flexibility increasing self-reported sleep duration6 and perceptions of sleep sufficiency.7 To 

date, only one study reported a positive effect of a workplace intervention on actigraphically 

assessed sleep.10 This workplace intervention, termed STAR (short for “Support-Transform-
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Achieve-Results”), was implemented in an information technology (IT) firm where the 

working conditions involve long work hours and high work-to-family conflict (ie, the extent 

that work stressors interfere with activities in family and personal domains).9,10 The 

intervention was designed to decrease work-to-family conflict by increasing workplace 

flexibility and support within a randomized control design. As intended, the intervention 

resulted in decreased work-to-family conflict,9 and more importantly, increased 

actigraphically-assessed total sleep duration (by 8.2 minutes) and perceived sleep sufficiency 

of intervention employees.8 However, the previous analyses did not separately assess 

nighttime sleep and daytime napping, which limits the ability to specify when and during 

which sleep periods the intervention achieved its effects. Identifying specific sleep periods 

that are modifiable by a workplace intervention is important for future workplace 

intervention strategies to enhance the design and efficiency of work-place wellness 

programs. In this study, we posit that employees who received the STAR intervention may 

have increases in their nighttime sleep quantity and quality via reduced work-to-family 

conflict. Research examining intervention effects on employees’ daytime napping in their 

own naturalistic setting is limited,11 but improved nighttime sleep quantity and quality may 

have implications for reduced need for daytime napping. Therefore, the first aim of this 

analysis was to evaluate the effects of the STAR intervention on IT employees’ changes in 

nighttime sleep duration and wake after sleep onset (WASO), and daytime nap duration. We 

hypothesized that the intervention would increase nighttime sleep duration, decrease WASO 

(improve sleep quality), and reduce daytime napping.

Another aim was to consider that the effects of the intervention on nighttime sleep and 

daytime napping would vary between older and younger employees. Age-related differences 

in sleep need and sleep physiology12 along with variable psychosocial contexts for workers 

at different stages of the life course could modify intervention effects. As several aspects of 

work capacity (eg, working fast, using new technology) typically decrease with age,13,14 

age-related imbalance between work demands and work capacity may result in older 

employees’ increased need for nighttime sleep recovery.15 However, nighttime sleep 

quantity generally decreases with age through the working years,16 possibly mitigating 

intervention effects on nighttime sleep duration. Age-related deterioration in nighttime sleep 

quality (eg, more WASO) may entail more daytime napping for older employees than 

younger employees. For example, when pooled across employment statuses, older 

individuals have longer total amount of WASO and greater frequency of napping compared 

with younger individuals.16–20 These findings suggest that the effects of the workplace 

intervention on WASO and nap duration may be more apparent for older employees who 

have greater need for sleep recovery but “less efficient” sleep physiology than younger 

counterparts. Thus, we hypothesized that the positive effects of the intervention on WASO 

and daytime nap duration would be more apparent for older employees than younger 

employees.

This article also assessed whether a workplace intervention can change day-to-day 
variability in sleep, in addition to daily amount of sleep. A great degree of variability in 

sleep may indicate irregular circadian rhythms and sleep patterns,21 potentially increasing 

psychosomatic symptoms.22 Daily variations in sleep, or within-person level sleep 

irregularity,23 may reflect daily exposures to work-family conflict or other demands that 
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impinge upon the physiologic drive for a regular sleep pattern. Therefore, the third aim of 

this study was to examine the effects of the intervention on day-to-day variability in 

employee sleep. We predicted that the intervention would decrease day-to-day variability in 

employees’ nighttime sleep duration, WASO, and daytime nap duration. We also explored 

age-related differences in these effects.

Methods

Participants and procedure

Data came from the Work, Family, and Health Study.9,24 The current study used data from a 

sample of employees working in teams within the IT division of a large Fortune 500 firm. 

Information technology employees working in the metropolitan areas with the 2 largest 

worksites were invited to participate in the study. The worksites were selected with the 

corporate leadership’s endorsement to facilitate the study.9 Trained field interviewers 

administered face-to-face computer-assisted personal interviews (CAPIs) to employees at 

the workplace, beginning in September 2009 and ending in September 2010, to get 

information on their demographic and work characteristics. Employees who completed a 60-

minute worksite interview received a $20 incentive.

Immediately after the CAPI, interviewers introduced the actigraphy data collection process. 

If the participant agreed, the interviewer instructed them to wear a sleep monitor (Spectrum; 

Philips-Respironics, Murrysville, PA) on their nondominant wrist for a week except in 

situations in which the watch could be damaged (eg, excessive impact, extreme 

temperatures). Of the total 1171 employees who were invited, 823 employees completed the 

CAPI interview at baseline (70% response rate). Of these, 635 employees completed a 

weeklong actigraphy data collection (baseline). One year later, 569 employees (90% 

retention) completed a second week-long actigraphy data collection (12 months). Among 

569 employees, 474 provided valid actigraphy for 3+ days at baseline and 12 months, a 

commonly used inclusion criterion in prior studies.8 In this study, we required a minimum of 

5 days for reliable and valid estimation for day-to-day variability of sleep. Thus, the final 

sample for the current analyses was 396 employees who provided valid actigraphy data for 5 

to 10 days at the 2 time points (waves, hereafter). On average, participants had 7 days of 

valid actigraphy across waves (SD, 0.87). Employees received additional $20 for providing 

their actigraphy sleep data at each wave. Therefore, the total compensation for our study 

sample was $60.

Participants had a mean (SD) age of 46.97 ( ± 8.45 years). Slightly more than half (59%) of 

the employees were men. Most (80%) were married or living with permanent romantic 

partner; 74% were white and 16% were Asian or Pacific Islander; 23% were providing care 

to their adult parents or relatives; 75% were college graduates and 22% had some college 

(1–3 years). The mean annual household income was in the range of 110,000–119,999. 

About half (48%) had children younger than 18 years living in the home. Mean (SD) work 

hours per week was 46.52 (7.33) hours. Most (79%) worked with standard dayshift (ie, 

Monday-Friday, 9–5) and the rest had variable shifts (that changes from day to day, but did 

not consist of regular evening/night shift workers, per se).
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Workplace intervention

The Work, Family, and Health Study designed a workplace intervention to increase 

employee control over their work schedule and increase supervisor and coworker support.9 

After the baseline CAPI interviews, a total of 56 study groups (aggregation of work teams 

that operated in the organization) were randomized to either the STAR intervention 

condition (n = 195) or the control condition (n = 201). The STAR intervention consisted of a 

3-month structural and cultural change process, including 2 types of main activities: (1) 

facilitator-led sessions for both employees and managers to help transition them from rigid 

work schedule to give employees more control over when and where they work and (2) 

manager-specific training, goal setting, and behavioral self-monitoring focused on increasing 

family supportive supervisor behavior (for details on STAR procedures, see Kelly et al10 and 

Kossek et al25). Employees who were assigned to the control condition continued business 

as usual (usual practice) without any entailed activities.

Actigraphic sleep measures

Actigraphy data came from each participant’s actiwatch using the Actiware Sleep Scoring 

Program (v5.71; Philips-Respironics). We used a standard algorithm recently validated26 and 

at least 2 members of the scoring team determined the validity of each recording based on 

study-specific standard sleep criteria applied similarly to all recordings.8 Each sleep episode 

was identified if it began at the last epoch of high activity (>10 activity counts) preceding at 

least five 30-second epochs of <10 activity counts, indicating little to no movement. Possible 

sleep episodes were determined for low movement count periods by visual inspection and 

considering changes in light levels (eg, suddenly decreased light levels for that putative nap 

interval were confirmatory but not required for a nap designation), as well as the overall 

profile (eg, was the nap similar in low levels of activity to nighttime sleep?). A 

determination of the actual presence and amount of sleep during those rest intervals was 

calculated via algorithm (see below). Timing was also considered for categorization of each 

visually identified sleep periods as either a nighttime (main) sleep period or a daytime nap.

Nighttime sleep duration

Among sleep episodes, an episode with the longest sleep period of the day was defined as 

the main, nighttime sleep episode (all other sleep episodes were defined as nap episodes). 

Daily nighttime sleep duration was computed for main nighttime sleep episodes as the 

amount of nighttime sleep attained on a day in minutes.

Wake after sleep onset

Daily WASO was computed as time spent “waking” after sleep onset and before sleep offset 

during nighttime sleep on a given day, in minutes, as previously validated vs 

polysomnography.26

Daytime nap duration

Sleep periods coded as nap episodes were summed at the daily level. We initially set the 

minimum nap rest interval duration at 30 minutes for discrimination of substantive naps 

from brief periods of no movement. Considering that naps may be rare among daytime 
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employees, we also included naps in the range of 25.5–29.5 minutes in the analysis, which 

was 0.05% of total naps in our sample (53 naps from 15 employees). Daily nap duration for 

those who had any naps on a given day was calculated in minutes.

Age and covariates

Employee age (in 1-year intervals) was tested as a moderator and also included as a 

covariate. Given that employees’ personal and family characteristics may denote family 

demands and responsibilities as well as their sleep behavior,27,28 we controlled for sex (0 = 

female, 1 = male), marital/partner status (0 = unmarried, 1 = married or living with a 
partner), living with children younger than 18 years in household (0 = no, 1 = yes), and 

providing care to adult relatives (0 = no, 1 = yes) in all models. Sociodemographic factors, 

including race (0 = white, 1 = Asian/Pacific Islander/Other; 2 dummy variables were 

created) and range of current annual household income (1 = less than 49,999 to 12 = more 
than 150,000), were included in all models. Furthermore, to consider possible differences 

from work characteristics, total work hours assessed by asking “How many hours do you 

work at any job?” and work schedule (0 = standard dayshift, 1 = variable shifts) were 

controlled for. In addition, job titles were coded as core (=1; eg, software developers) vs 

noncore (=0; eg, technical support), following the practice in prior research.21 In the IT firm, 

there was an organizational level merger and about half of employees had not yet received 

the intervention when merger was announced, whereas others had already received it. To 

take into account potential differences from this, we included an indicator for the event 

sequence between merger and intervention (0 = Intervention Premerger, 1 = Intervention 
Postmerger) in our analysis. Lastly, we controlled for weekend vs weekday effect (0 = 

weekdays, 1 = weekends; 29% of the study days were weekends). All continuous variables 

were centered at sample means.

Data analysis

We fit multilevel models with SAS Proc Mixed29 to take into account the clustered data 

structure: 5550 daily observations across the 2 waves clustered within 396 employees. There 

were relatively small variances at the study group level or wave level compared with 

variances at daily and individual levels, and hence, we used 2-level models to simplify 

model structure. Because of missing values in covariates, 10% of observations were not 

included in analyses; missing cases were not systematically different from nonmissing cases. 

The model for nap duration was estimated based only on 1448 nap days for employees (n = 

163) who napped at both waves and had no missing responses on covariates. For the daytime 

napping models, we included only participants with naps at both waves to evaluate 

intervention-related changes on total daytime napping duration (but also conducted 

supplementary analyses with binary nap variable, see “Age differences in intervention 

effects on changes in daily amounts of nighttime sleep and daytime napping”). Examining 

changes in nap duration over time enables us to rule out a possibility that the likelihood of 

napping at one time point is random and nonsystematic.

To examine main intervention effects on changes in daily nighttime sleep duration, WASO, 

and daytime nap duration, we included a 2-way interaction between the intervention 

condition and a wave (0 = baseline, 1 = 12 months). This interaction parameter represents 
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the difference in changes in a sleep outcome from baseline to 12 months between STAR 

employees relative to control employees.

To test whether intervention effects on changes in sleep differed by employee age, a 3-way 

interaction—intervention × wave × age—was included. The 3-way interaction parameter 

represents whether differences in changes in a sleep outcome from baseline to 12 months 

between STAR relative to control employees are further differentiated with increasing age. 

We conducted follow-up tests using estimate commands in Proc Mixed to assess differences 

between younger employees (38 years, or −1 SD) and older employees (56 years, or +1 SD) 

for each intervention condition.

Lastly, to examine intervention effects on changes in day-to-day variability of sleep, we used 

multilevel models with heterogeneous within-person variance. Daily variance in a sleep 

outcome was modeled in random effects and estimated by the exponential function (Exp) to 

use a linear prediction while eliminating the dependence of the variance on the mean level.30 

Positive coefficients indicate greater day-to-day variability in a sleep outcome. Of note, this 

approach can estimate more robust variability than the individual SD (iSD) or variance 

approach because it is model-based and takes into account temporal dependence of data (day 

effect) as well as the effects of covariates on the mean level.21,31 In this approach, however, 

we cannot test the statistical significance of slopes for an interaction in random effects. 

Thus, in the case of a significant interaction, we conducted a follow-up test taking quantified 

individual-level variances across days (iSD2) as an outcome. By doing so, we may 

underestimate changes in employees’ day-to-day variability by the intervention and/or by 

age, because there is less power to detect effects when using quantified variance estimates 

compared with when modeling variability.31

Results

Descriptive results

Demographic and work characteristics of our sample of IT employees, with actigraphic 

sleep measures at baseline, are presented in Table 1. We also present results from difference 

tests (analysis of variance, χ2 tests) by employee age, divided into 3 age groups based on 

mean age ± 1 SD at baseline: younger, 24 to 38 years (n = 72); middle-aged, 39 to 55 years 

(n = 257); or older employees, 56 to 70 years (n = 67). On average, employees had 424 

minutes (7 hours) of nighttime sleep duration (SD, 54.8) and 41 minutes of WASO (SD, 

16.6), per day, with no statistical difference by age groups.

In terms of daytime napping, 253 employees (64%) had any naps at baseline. Among those 

with any naps at baseline (Table 1), 22% of their sleep episodes were naps, and they had 2.2 

naps, on average, across the study days (SD, 1.6) and 1.2 naps on days when they napped 

(median, 1 nap; about 19% of nap days included 2 naps on average for that day). For those 

who had any naps, the mean (SD) daytime napping across total study days was 23 (21.7) 

minutes and the mean (SD) daytime napping across only days when they nap was 67 (38.2) 

minutes (median, 57.5 minutes) at baseline. Thus, two-thirds of our sample napped for less 

than 30 minutes across all days in a week of collection, and for about an hour on a nap day 

(that happened on average twice a week). The model for nap duration included 1448 nap 
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days in participants who napped at both waves and had no missing responses on covariates 

(n = 163 employees; 41% of the sample). These nap days occupied about 30% of total study 

days used in the analyses (Table 2).

Although age was not related to having naps, younger employees had longer naps than did 

middle-aged and older employees. To provide proxy estimates for day-to-day variability in 

sleep measures, we included individual SDs (iSDs) of each sleep variable. The degrees of 

daily variation were 64, 14, and 32 minutes around person means for nighttime sleep, 

WASO, and nap duration, respectively. There were no age differences in these iSDs of sleep 

measures. Greater iSD of nighttime sleep duration was associated with longer nap duration 

(r = 0.18, P < .01) and greater iSD of WASO (r = 0.27, P < .001).

Main effects of the intervention on changes in daily amounts of nighttime sleep and 
daytime napping

Table 2 shows results from multilevel models separately predicting daily nighttime sleep 

duration, WASO, and nap duration. In Model 1, there was a significant interaction between 

wave and intervention predicting nighttime sleep duration: intervention employees increased 

nighttime sleep duration (3 minutes more per day) but control employees decreased (6 

minutes less per day), resulting in a significant 9-minute difference in daily nighttime sleep 

duration between the 2 groups (Fig. 1, panel 1). This result is consistent with previous 

intervention effects for 24-hour total sleep duration.8 There were no significant interactions 

between wave and intervention predicting changes in the amount of WASO or nap duration.

Age differences in intervention effects on changes in daily amounts of nighttime sleep and 
daytime napping

In Model 2 of Table 2, we tested whether intervention effects differed by employee age. 

There was a significant 3-way interaction between age, wave, and intervention predicting 

nap duration (but no effects on nighttime sleep duration or WASO). Panel 2 in Fig. 1 shows 

that the difference in nap duration between older employees (+1 SD corresponds to 56 years) 

in the intervention condition and those in the control was significant with a difference of 17 

minutes less per day. Specifically, control older employees increased nap duration, but 

intervention older employees did not. Younger employees (−1 SD corresponds to 38 years) 

in the intervention condition did not significantly change nap duration compared with 

control younger employees. We also conducted supplementary analyses with binary nap 

variable (napping vs no napping) that includes those who napped at only one wave. Neither 

the main effect of the intervention nor age differences in the intervention effect on changes 

in the likelihood of napping were significant.

Age differences in intervention effects on changes in daily variability of nighttime sleep 
and daytime napping

Table 3 shows results from heterogeneous within-person variance models predicting changes 

in day-to-day variability in nighttime sleep duration, WASO, and nap duration. There was no 

significant interaction between age, wave, and intervention predicting daily variance of 

nighttime sleep duration. However, significant 3-way interaction effects emerged for daily 

variance of WASO and nap duration. To interpret the interaction effect on daily variability in 
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WASO, we conducted a follow-up analysis predicting individual variance of WASO with the 

same set of predictors (individual mean levels of WASO were controlled). The 3-way 

interaction also predicted individual variance of WASO at a trend level (B = −8.56, SE = 

4.56, P = .062). The post-hoc test indicated that older employees in the intervention 

condition significantly decreased day-to-day variability in WASO at 12 months compared 

with their baseline—90 minutes2 less variance or 9.5 minutes less SD around person means 

(Fig. 1, panel 3). Older employees in the control condition did not significantly change daily 

variability of WASO and the difference in variability of WASO between the 2 groups did not 

reach statistical significance. Lastly, with regard to daily variability in nap duration, younger 

employees in the intervention condition exhibited an increase in daily variability of nap 

duration at 12 months relative to their baseline.

Discussion

This study examined the effects of a workplace intervention on changes in several 

dimensions of employee sleep assessed by actigraphy and whether the effects differed by 

employee age. Our findings demonstrate that the workplace intervention, previously 

established as effective for decreasing work-to-family conflict10 and increasing overall (24-

hour) total sleep time,8 was specifically efficacious for increasing nighttime sleep duration 

but not daytime nap duration. Compared with the control group, intervention employees had 

greater nighttime sleep duration by 63 minutes per week (9 minutes per day × 7 days). The 

magnitude of this effect was almost identical with the effect on total sleep duration,8 but 

suggests a stronger effect of the intervention during nighttime sleep episodes. Moreover, the 

effects of the intervention on daytime nap duration and daily variability of WASO differed 

by employee age. The intervention decreased older employees’ daytime nap duration and 

day-today variability in WASO. This study contributes to understanding on how a workplace 

flexibility/support intervention can change employees’ nighttime sleep and daytime napping 

differently by age. This study also advances the methodology examining sleep by assessing 

both the amount and day-to-day variability of sleep.

This study provides evidence that the workplace intervention was effective for specifically 

improving employees’ nighttime sleep quantity. Employees randomly assigned to the 

intervention condition significantly had greater nighttime sleep duration at 12 months, 

relative to employees in the control condition (who decreased nighttime sleep duration). This 

result extends the previous finding8 that STAR increased total sleep duration—across 

nighttime and daytime—and perceived sleep sufficiency. Previous studies showed that the 

STAR intervention significantly decreased work-to-family conflict, burnout, perceived 

stress, and psychological distress among IT employees.10,32 Together, a possible mechanism 

of how the intervention was effective in improving employee sleep may be that those who 

received the intervention were able to reduce the extent that work stressors interfere with 

their recovery in the personal domain, and thus increased their nighttime sleep duration. The 

intervention effect on changes in nighttime sleep duration was found regardless of employee 

age, sex, family background, and even work hours, all important predictors of sleep.27,28 

Our rigorous study design—randomization to treatment and objective markers of sleep—

also enhances our confidence in interpreting the positive intervention effect on increasing 

employees’ nighttime sleep duration. Considering that the average sleep duration at baseline 
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was already generally sufficient in our sample (mean, 7.6 hours; Table 2), the effect size of 9 

minutes difference per day may be a conservative one—there may be a larger effect of the 

intervention on increasing nighttime sleep duration for a different sample with a greater 

proportion obtaining insufficient sleep. Note that there was no intervention effect on the 

amount of nighttime WASO (previous research8 also reported no intervention effect on total 

WASO). A potential explanation for this null effect is that, unlike nighttime sleep duration, 

the amount of WASO is less likely to be changed by external factors. It may be more likely 

to be affected by employees’ physiological factors the present study did not address.

This study found older employees receiving the workplace intervention decreased day-to-
day variability in WASO at 12 months compared with their baseline. Greater variability in 

WASO refers to greater irregularity in nighttime sleep quality,21 which can be interpreted as 

a greater degree of daily fluctuation from his/her average sleep quality. Although longer 

WASO reflects poorer sleep quality, the person-level mean of WASO may indicate the 

individualized level of sleep quality (whether greater or lower).33,34 Hence, that older 

employees in the intervention exhibited a decrease in daily fluctuation of WASO suggests 

that the intervention allowed older employees to regularly maintain nighttime sleep quality. 

There was no significant change for younger employees in the intervention condition. Given 

prior research that documents greater frequency and duration of WASO among older 

individuals,16–18 intervention effects might have been more pronounced for older employees 

who had more WASO compared with the other age groups (although the baseline difference 

was not statistically significant; Table 1). The intervention effect on older employees’ 

decreased variability of WASO demonstrates within-person decreases in variability of sleep 

quality at postintervention compared with baseline (whether greater or smaller). Note, 

however, that younger and middle-aged employees in the control condition also exhibited 

significant decreases in daily variability of WASO at 12 months compared with their 

baseline. Given that stress is tightly linked to variability of sleep fragmentation,35 some 

unknown stressors confounded with younger and middle-aged control employees’ variability 

in WASO might have dissipated over the 12 months and thus decreased their variability of 

WASO. Further analyses are needed to understand additional factors contributing to their 

decreases in day-to-day variability in WASO even without receiving the intervention.

The effects of the STAR intervention on daytime nap duration also differed by age. Older 

employees in the intervention condition significantly decreased nap duration at 12 months 

relative to older employees in the control condition, whereas younger employees in the 

intervention condition did not. Prior studies showed older adults nap more frequently (and 

perhaps longer) than do their younger counterparts.19,20 Decreases in sleep efficiency across 

time may contribute to such age-related differences in napping. However, in our study, the 

intervention protected older employees from increasing nap duration. Even brief naps can 

have salutary benefits, but longer naps (eg, longer than about a half hour) can produce sleep 

inertia, a persistence of post–sleep grogginess upon awakening.36 Our sample of employees 

who had any naps took naps about 67 minutes per day at baseline (the intercept of daily nap 

duration in Table 2). This means that for those who needed/took naps, they all took a 

sufficient amount of naps. However, the nap duration of older employees who were not in 

the intervention condition increased even more at 12 months than their baseline (panel 2, 

Fig. 1). Given that nighttime sleep duration decreased for older employees who did not get 
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the treatment, they might have experienced an increased need for napping to counteract their 

nighttime sleep loss. In contrast, employees randomized to treatment tended to increase 

nighttime sleep duration and, further, those who were older also decreased day-to-day 

variability in WASO, and thus might not have such increased need for napping. In addition, 

in our supplementary analyses, we did not find either the main effect of the intervention or 

the interaction between the intervention and age predicting changes in the likelihood of 

napping (vs no napping). By examining daily nap duration that varies within an employee, 

this study found that the workplace flexibility/support intervention protected older 

employees from increasing nap duration. Taken together, our findings suggest that older 

employees randomized to the intervention improved nighttime sleep quantity and regularity 

in sleep quality and, by doing so, mitigated their need for daytime napping to recover from 

inadequate nightly sleep.

The sample was purposively selected from an IT firm and, thus, a limitation is that findings 

may not generalize to employees in other contexts. Our sample of white-collar and 

professional employees is relatively privileged, which may be related to a lack of a 

significant main effect of age on sleep, such as shorter nighttime sleep, longer WASO, and 

more napping for older than younger employees seen in other studies.16–20,37 Also note that 

those in other work contexts may not be able to take a nap in the middle of their work day, as 

our sample of employees did. In our sample, 41% of employees napped for more than an 

hour on days when they napped, averaged about 2 naps/wk, and these occurred on about 

30% of total valid actigraphy days. Future research should compare these napping patterns 

with different industry samples. Future research may also need to test whether and how a 

workplace intervention can improve employee sleep across ages in other industry samples.

In conclusion, we find positive workplace intervention effects on increasing employees’ 

nighttime sleep duration, and for older employees on decreasing daytime nap duration and 

day-to-day variability in WASO. Future workplace interventions could be tailored based on 

moderators like age to more powerfully impact sleep outcomes. Sleep is important not only 

for employee-level well-being and health, but also for organizational-level productivity.38,39 

Workplaces should continue to make efforts to transform their work practices to reduce the 

extent that work interferes with employee sleep in nonwork domain, which, in turn, will 

bring positive returns on their investment.
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Fig. 1. 
The effects of the STAR workplace intervention on nighttime sleep duration, nap duration, 

and day-to-day variability in WASO. STAR, Support-Transform-Achieve-Results; WASO, 

wake after sleep onset. *P < .05, **P < .01.
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Table 2

Results from multilevel models predicting the levels of daily nighttime sleep duration, wake after sleep onset, 

and daytime nap duration.

Daily nighttime sleep 
duration (min), B (SE)

Daily wake after night sleep 
onset (min), B (SE)

Daily nap duration (min), B 
(SE)

Fixed effects

Model 1

 Intercept, adjusted mean 457.52 (8.42)*** 43.69 (2.48)*** 66.66 (5.92)***

 Age −0.47 (0.38) −0.01 (0.11) −0.57 (0.27)*

 Sex, men (vs women) −26.20 (5.70)*** −1.24 (1.70) −2.73 (4.02)

 Marital status, married (vs unmarried) −11.93 (8.05) −2.80 (2.40) −5.46 (5.39)

 Race, Asian/Pacific Islander (vs white) −26.89 (7.94)*** 10.78 (2.37)*** 2.80 (5.62)

 Race, other (vs white) −28.17 (9.03)** 3.04 (2.69) 4.27 (5.94)

 Adult caregiving, caregiver (vs not) 3.06 (4.03) −1.66 (1.00)† −3.90 (3.81)

 Household income range 1.04 (1.02) −0.10 (0.30) −0.62 (0.68)

 Living with children age ≤18 y (vs not) 0.77 (6.11) −2.57 (1.82) −6.10 (4.20)

 Total work hours −0.57 (0.25)* −0.04 (0.06) −0.33 (0.26)

 Variable shifts (vs dayshift) −1.93 (3.64) 1.68 (0.89)† −2.34 (3.96)

 Job, core (vs noncore) 3.01 (5.67) −0.88 (1.69) 1.14 (3.96)

 Intervention postmerger (vs premerger) −5.22 (5.43) −0.77 (1.62) −1.35 (3.77)

 Weekends (vs weekdays) 18.86 (2.18)*** 2.27 (0.51)*** 12.45 (2.37)***

 Wave, 12 mo (vs baseline) −6.13 (2.76)* −2.04 (0.64)** 4.84 (3.56)

 Intervention (vs control) −12.72 (5.60)* 0.84 (1.63) 10.01 (4.29)*

 Wave × intervention 8.98 (3.98)* 1.03 (0.93) −4.08 (4.57)

Model 2

 Age × wave −0.59 (0.33)† −0.10 (0.08) 1.28 (0.42)**

 Age × intervention −0.61 (0.68) −0.11 (0.20) 0.74 (0.53)

 Age × wave × intervention 0.76 (0.48) 0.06 (0.11) −1.55 (0.57)**

Random effects (for model 2)

 Between-person level variance 2036.47 (183.06)*** 193.81 (16.22)*** 548.62 (79.65)***

 Within-person level variance 4816.20 (100.27)*** 260.91 (5.43)*** 1502.24 (62.35)***

A total of 5550 observations were nested within 396 employees; 4981 observations were used in the models for nighttime sleep duration and wake 
after night sleep onset because of missing values in covariates. The model for nap duration was estimated based only on 1448 nap days for 
employees who napped at both waves and with no missing responses on covariates (n = 163). Primary variables of interest are bolded.

†
P < .10.

*
P < .05.

**
P < .01.

***
P < .001.
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Table 3

Results from heterogeneous within-person variance models predicting day-to-day variability in nighttime sleep 

duration, wake after sleep onset (WASO), and daytime nap duration.

Day-to-day variability in 
nighttime sleep duration 

(variance in minutes), α (SE)

Day-to-day variability in 
WASO (variance in minutes), 

α (SE)

Day-to-day variability in nap 
duration (variance in 

minutes), α (SE)

Random effects

 Between-person level variance 2030.85 (182.84)*** 196.82 (16.39)*** 582.08 (80.26)***

 Residual variance 4310.28 (180.42)*** 321.06 (13.76)*** 877.55 (83.32)***

 −2 Res log likelihood 56,964.6 42,625.4 14,783.0

 Exp (age) −0.01 (0.00) −0.01 (0.01)* −0.05 (0.01)***

 Exp (wave) 0.12 (0.06)* −0.40 (0.06)*** 0.08 (0.14)

 Exp (Intervention) 0.15 (0.06)* −0.13 (0.06)* 0.50 (0.14)***

 Exp (wave × intervention) −0.12 (0.09) 0.16 (0.09) 0.41 (0.20)

 Exp (age × wave) −0.00 (0.01) 0.01 (0.01) 0.12 (0.02)***

 Exp (age × intervention) 0.01 (0.01)* 0.03 (0.01)*** 0.06 (0.02)***

 Exp (age × wave × intervention) −0.00 (0.01) −0.04 (0.01)*** −0.16 (0.03)***

A total of 5550 observations were nested within 396 employees; 4981 observations were used in the models for nighttime sleep duration and wake 
after night sleep onset because of missing values in covariates. All covariates from the previous models, such as employee age, sex, marital/partner 
status, race/ethnicity, adult caregiver status, range of current annual household income, presence of children younger than 18 years in household, 
total work hours, occupation, merger indicator, and weekend, were included in the fixed effects to control for the effects on the mean levels of 
nighttime sleep duration, WASO, and nap duration. The model for nap duration was estimated based only on 1488 nap days for employees who 
napped at both waves and with no missing responses on covariates (n = 163). Primary variables of interest are bolded.

*
P < .05.

***
P < .001.
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